INTRODUCTION 42
Ulnar shortening osteotomy (USO) is a widely accepted surgical treatment option 43 
54
Reported outcomes following USO are generally favorable, although complications 55 including delayed or nonunion at the osteotomy site occur with variable incidence. 56
[5-9] As with any bone requiring fixation, the incidence of bony union after USO is 57 multifactorial, relying on a multitude of patient demographic, medical, and social 58 factors. Among the risk factors for development of nonunion or delayed union 59 following bony fixation, the most commonly studied are advancing age, [10-13] 60 malnutrition (including both a deficiency of nutrients or an excess, as in obesity), 61 adversely affect bone healing with time to bony union and rate of nonunion or 88 delayed union following elective ulnar shortening osteotomy using a dedicated 89 osteotomy plating system. Secondarily, we investigated whether any of these 90 predictor variables increase the likelihood of other complications or the need for 91 additional surgery following USO. Thus, our null hypothesis was that there would be 92 no difference in the time to bony union and incidence of nonunion or complications 93 based on the studied variables following USO with a dedicated osteotomy plating 94 system. 95
96

METHODS 97
Surgical technique and baseline data collection 98
We retrospectively reviewed the charts of all patients who underwent USO from 99 January 2010 through December 2014 at our institution by one of two fellowship-100 trained hand surgeons. All surgeries were performed with a single osteotomy 101 dynamic compression plating system (TriMed Ulnar Osteotomy Compression Plate, 102
TriMed, Santa Clarita, CA) using a similar technique to that previously described, 103
with the plate placed in the most anatomically accommodating position (volar 104 versus dorsal) as determined by the treating surgeon.
[41] All patients were treated 105 identically with regards to post-operative splinting and immobilization for one 106 month, followed by mobilization exercises and formal supervised therapy. As per 107 our institution's standard, all patients were given a standardized questionnaire pre-108 operatively, which included questions regarding smoking and tobacco history.only considered to have occurred when both radiographic and clinical parameters 132 had been met. 133
134
Based on the reviewer-determined time to union, all surgeries were initially 135 classified into one of three groups: union (above-mentioned criteria met within six 136 months from surgery), delayed union (criteria achieved after six months), or 137 nonunion. Nonunion has been previously described [30] and represents an 138 osteotomy site that either lacked congruence of at least three of four cortices at an 139 interval of six months or greater from the time of the USO or did not demonstrate 140 any radiographic change for three consecutive months and was associated with 141 clinical findings consistent with a nonunion (inability to bear weight through the 142 affected extremity, pain on palpation, or motion at the osteotomy site beginning 143 three months following the index USO). Secondary outcomes included rate of 144 revision for nonunion and other complications requiring additional surgery. 145
146
Sample size and statistical analysis 147
Using data from the study by Chen et al, [40] a priori power analysis was performed 148 to determine the sample size needed to detect a difference in time to union between 149 non-smokers and smokers in a 3:1 ratio using the Student t-test. Assuming a normal 150 distribution and effect size of 1.0, it was determined that we would need to enroll a 151 minimum of 11 smoking patients and 33 non-smoking patients in order to detect a 152 significant difference (P < .05) of 3 months in time to bony union between groups as 153 reported by Chen et al [40] with 80% power (α = 0.05, β = 0.2). 154 patient demographics and union rates between self-reported non-smokers and 157 former smokers, allowing us to combine both subgroups into a single non-smoking 158 cohort for data analysis. Bivariate statistical analysis with independent t-test was 159 used for comparing time to union, measured in months for dichotomous 160 explanatory variables. Nonunions were excluded from this analysis in order to avoid 161 the potential for skewing union times by the endpoint of revision surgery. Pearson 162 correlation was used to examine the correlation of continuous variables with time to 163
union. 164 165
Because delayed union and nonunion represent two mutually exclusive suboptimal 166 outcomes, the two categories were collapsed into a single category, denoted as 167 delayed or nonunion, to limit the potential for error from small cell-counts when 168 using contingency tables for bivariate analysis. Chi-square testing was used to 169 examine the association of union versus delayed or nonunion, with the previously 170 listed dichotomous variables. Variables determined to be statistically associated (P 171 ≤ 0.10) with the occurrence of delayed or nonunion in bivariate testing were used in 172 a forward stepwise multivariate binary logistic regression analysis. Odds ratios with 173 95% confidence intervals (CIs) were determined for all significant predictors and 174 model fit was confirmed using the Hosmer-Lemeshow test.study. Forty-two patients were women and 27 were men. Forty surgeries (56%) 179 were performed on the dominant extremity, and 45 plates were placed dorsally, 180 with the remaining 27 placed volarly. Mean patient age at the time of surgery for the 181 entire cohort was 44.+/-12 years, and mean time interval to union was 4 +/-2 182 months for all patients. Delayed union occurred in eight cases (11%), and nonunion 183 occurred in four cases (6%). 184
185
Bivariate Analysis 186
Time to Union 187
Smoking was the only variable found to have a statistically significant effect on time 188 to union (6 +/-3 months in smokers versus 3+/-1 months in non-smokers; P = 189 
Incidence of Delayed Union and Nonunion 195
Smoking had a significant impact on the incidence of delayed union or nonunion, 196 which occurred in 10 of 17 (59%) smokers and two of 55 (4%) non-smokers (P < 197 Table 1 for a demographic comparison of the smoking and non-smoking 198 cohorts.) Incidence of nonunion or delayed union in diabetics (38%) versus nonvariables were found to be statistically associated (P ≤ 0.10) with the incidence of 201 delayed union or nonunion. (See Table 2 ) 202
0.001). (See
203
Multivariate Analysis 204
The final logistic model was found to be significant (P = 0.000) and correctly 205 predicted 90% of outcomes (delayed or nonunion versus union). In the final logistic 206 regression model, history of diabetes (odds ratio: 12.7; 95% CI, 1.03-17.5; P = 0.045) 207
and positive active smoking history (odds ratio: 65.0; 95% CI, 7.3-580; P = 0.000) 208
were associated with development of delayed or nonunion following USO. 209
210
Revisions and Additional Surgeries 211
Of the four nonunions that occurred, one was in a non-smoking woman and was 212 
test significantly enhanced the sensitivity of screening smokers scheduled for major 279 elective surgery when compared to self-reported smoking status alone. [ 
58] 280
However, when such a test is warranted, care must be taken to avoid an adversarial 281
implication. 282 283
A promising finding is that peri-operative smoking cessation has demonstrated 284 improved bony union rates versus continued smoking in both animal and human 285 studies, even for periods as short as one month pre-operatively. [51-53] Our study 286 supports these data, as our sub-analysis found no difference between non-smokers 287 and former smokers with regards to the incidence of union and the incidence of 288 delayed or nonunion. This may be useful information for surgeons to cite when 289 discussing the potential benefits of smoking cessation with patients. 290
following USO in our multivariate analysis. This finding was consistent with the 293 known detrimental effects of diabetes on bony healing. [18-21] Though the overall 294 number of diabetics included in the study was small, our findings provide evidence 295 that diabetic patients are also subject to complications of bone healing following 296 USO, despite improved implant design and technique. Furthermore, our regression 297 model strongly suggested that diabetic smokers were at significant risk based on an 298 additive effect of the two individual risk factors. This is not unlike the findings of 299 of their own quality of life was measured by utility scores (ranging from 0.0 to 1.0) 310 using a time trade-off model, which asks patients to quantify a proportion of 311 remaining lifespan that they would trade away in order to obtain perfect health. The 312 authors found that patients with forearm nonunions demonstrated the worst utility 313 score of all long-bone nonunions and were ahead of only heart transplantcandidates with respect to medical conditions studied in historical controls. [ 
60] 315
The applicability of these findings is somewhat uncertain with respect to our study, 316
as there was no mention of how many nonunions were not fracture-related, such as 317 following osteotomy, and the proportion of ulnar nonunions to those of the radius 318 was not reported. Nevertheless, the overlying implication is that nonunion involving 319 the forearm is a significantly devastating condition by patients' own assessment. 
